Mass spectra and high-resolution mass spectra were measured on a Finnigan MAT-95 mass spectrometer. Optical rotations were recorded on a Jasco-Dip-181 polarimeter. IR spectra were recorded on a Nicollet Magna FT-IR-750 spectrometer using KBr pellets. (China) was used for general chromatography.
Cp 2 Zr(H)Cl (5.05g, 19.6 mmol) in THF (50 mL) under argon protect was added tertbutyl(but-3-ynyloxy)dimethylsilane (3.61g, 19.6 mmol), the mixture was stirred at room temperature for 1 h, and then cooled to 0℃. To the resulting orange solution was added the aldehyde (7) (2.25g, 9.8 mmol) in THF (35 mL) followed by ZnBr 2 (552 mg, 2.45 mmol, dried under vacuum for 1 h before use), and the mixture was stirred for 24 h at room temperature. The mixture was diluted with EtOAc (100 mL) and aqueous potassium sodium (t)-tartrate (5.7g, 19.6 mmol), and stirred for 10 min. The resulting suspension was filtered off and washed thoroughly with EtOAc (100 mL). The combined filtrate was transferred into a separatory funnel, and successively washed with H 2 O and brine. The aqueous phase was extracted with EtOAc (2 × 200 mL), and the combined organic layers were dried over anhydrous Na 2 SO 4 . The mixture was concentrated and purified by silica gel chromatography to afford 6 (3.625g, 84%) as a colorless oil: 8, 130.6, 128.7, 94.1, 80.7, 73.6, 64.7, 62.7, 61.9, 35.9, 28.2, 28.2, 28.2, 26.3, 25.8, 25.8, 25.8, 24.5, 18.1, -5.4, -5.4; IR (film) cm -1 : 3454, 2931 IR (film) cm -1 : 3454, , 2858 IR (film) cm -1 : 3454, , 1699 IR (film) cm -1 : 3454, , 1473 IR (film) cm -1 : 3454, , 1387 IR (film) cm -1 : 3454, , 1255 IR (film) cm -1 : 3454, , 1174 IR (film) cm -1 : 3454, , 1097 2, 93.9, 80.8, 73.9, 71.7, 69.8, 63.7, 61.6, 59.3, 35.4, 28.3, 28.3, 28.3, 26.6, 25.8, 25.8, 25.8, 24.3, 12.1, -5.6, -5 96.3, 95.4, 95.2, 94.6, 93.7, 80.4, 80.3, 79.9, 79.7, 76.7, 74.8, 64.2, 63.8, 63.6, 63.3, 59.7, 59.4, 58.6, 57.9, 33.5, 33.2, 28.6, 28.3, 25.8, 25.4, 24.9, 23.4, 18.2, 15.0, 15.0, -5.5, -5 -butyl-(2S,3S,4S,5R)-3,4,5-tris(ethoxymethoxy)-1,7-dihydroxyheptan-2-ylcarbamate (10) . To a solution of substrate (9) (510 mg, 0.82 mmol) in 10 ml methanol, was added pTsOH (2 mg, 0.01 mmol) at room temperature. The mixture was stirred for 4 h. The solvent was removed under reduced pressure and water (10 mL) was added to the residue which was then extracted with EtOAc (3 × 20 mL). The organic layer was washed with saturated NaHCO 3 (10 mL), brine (10 mL) and dried (Na 2 SO 4 ), filtered and the solvent was removed under reduced pressure to give the colourless oil, which was dissolved in 30 mL acetonitrile and was added CuCl 2 . 2H 2 O (22 mg, 0.13 mmol) at room temperature.
Tert
The mixture was stirred for 2 h, then the solvent was removed under reduced pressure and water (10 mL) added to the residue which was then extracted with EtOAc (3 × 20 mL). The organic layer was washed with water (10 mL), brine (10 mL) and dried 2, 98.6, 98.4, 96.9, 81.9, 80.8, 80.6, 76.2, 65.7, 65.6, 65.4, 62.3, 60.1, 54.5, 35.2, 29.3, 29.3, 29.3, 16.0, 15.9, 15.9 
Tert-butyl((1S,4R,5S,6S)-4,5,6-tris(ethoxymethoxy)-3-formylcyclohex-2-en-1-yl)
carbamate (3). To a suspension of 10 (183mg, 0.39 mmol) and sodium bicarbonate (197 mg, 2.34 mmol) in dichloromethane (10 mL) was added Dess-Martin Periodinane (498 mg, 1.17mmol) at room temperature. The mixture was stirred for 2 h and the sensitive dialdehyde 4, isolated from the reaction mixture simply by addition of ether, filtration through Celite-anhydrous sodium sulfate and concentration in vacuum, was used directly in the next step without purification (and with minimal delay ). To a solution of substrate (4) in 20 mL benzene, piperidine (0.039 mL, 0.39mmol) and p-TsOH (7.5 mg, 0.039 mmol) was added at room temperature. The mixture was stirred for 2 h. The solvent was removed under reduced pressure and water (10 mL) was added to the residue which was then extracted with EtOAc (3 × 20 mL). The organic layer was washed with aq. NaHCO 3 (10 mL) and brine (10 mL), dried (Na 2 SO 4 ) and filtered and the solvent was removed under reduced pressure to give the colourless oil, which was used directly in the next step without purification. To a solution of the formed crude product in 10 mL dichloromethane, triethylamine (0.22 mL, 1.56 mmol) and methanesulfonyl chloride (0.046 mL, 0.585 mmol) was added at 0°C. The mixture was stirred for 24 h at room temperature. The solvent was removed under reduced pressure and water (10 mL) was added to the residue which was then extracted with EtOAc (3 × 20 mL). The organic layer was washed with aq. NaHCO 3 (10 mL), brine (10 mL) and dried (Na 2 SO 4 ), filtered and the solvent removed under reduced pressure to give the colourless oil. 192.5, 155.4, 149.8, 139.2, 96.6, 94.6, 94.5, 80.1, 72.7, 72.5, 68.3, 64.1 63.9, 63.9, 47.3, 22.4, 22.4, 22.4, 15.0, 15.0, 15.0; IR (film) cm -1 : 3357, 2976 IR (film) cm -1 : 3357, , 2929 IR (film) cm -1 : 3357, , 1714 IR (film) cm -1 : 3357, , 1697 IR (film) cm -1 : 3357, , 1651 IR (film) cm -1 : 3357, , 1495 IR (film) cm -1 : 3357, , 1367 IR (film) cm -1 : 3357, , 1169 IR (film) cm -1 : 3357, , 1109 IR (film) cm -1 : 3357, , 1032 (1S,2S,3R,6S)-6-acetamido-4-(acetoxymethyl)cyclohex-4-ene-1,2,3-triyl triacetate (11).
To a suspension of 3 (40 mg, 0.09 mmol) and cerium (Ⅲ) chloride heptahydrate (52 mg, 0.135 mmol) in methanol (3 mL) was added sodiumborohydride (4 mg, 0.1 mmol) at 0 °C. The mixture was stirred for 15 minutes and the solvent was removed under reduced pressure and water (3 mL) was added to the residue which was then extracted with EtOAc (3 × 6 mL). The organic layer was washed with water (3 mL), brine (3 mL) and dried (Na 2 SO 4 ), filtered and the solvent was removed under reduced pressure to give the colourless oil, which was directly dissolved in 4 mL dichloromethane and added trifluoroacetic acid (2 mL). The mixture was stirred for 4 h at 0°C. Then the solvent removed in vacuum to give the crude product (1), which was dissolved in pyridine (2 mL) and acetic anhydride (1 mL) containing a catalytic amount of DMAP. The mixture was stirred at room temperature for 24 h. The reaction mixture was diluted with EtOAc (10 mL) and washed with saturated NaHCO 3 (10 mL). The aqueous layer was extracted with EtOAc (2 × 20 mL). The combined organic extracts were washed with brine (10 mL), dried over Na 2 SO 4 and filtered. Concentration of the filtrate followed by chromatography 7, 20.8, 20.8, 20.8, 23.3, 44.9, 62.9, 68.5, 69.0, 71.2, 126.1, 134.3, 169.9, 170.0, 170.2, 170.3, 170.4 
